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PIPE CONNECTING ASSEMBLY 
AND METHOD OF USE 

Background of Invention 

[0001] This invention relates generally to nuclear reactors and more particularly, to 

assemblies and methods for coupling piping within reactor pressure vessels of such 
reactors. 

[0002] A reactor pressure vessel (RPV) of a boiling water reactor (BWR) typically has a 
generally cylindrical shape and is closed at both ends by a bottom head and a 
removable top head. A core shroud, or shroud, typically surrounds the core and is 
supported by a shroud support structure. Particularly, the shroud has a generally 
cylindrical shape and surrounds both the core plate and the top guide. There is a 
space or annulus located between the cylindrical reactor pressure vessel and the 
cylindrically shaped shroud. 

[0003] Boiling water reactors have numerous piping systems which are utilized, for 

example, to transport water throughout the RPV. Known boiling water reactors include 
a core spray system to deliver cooling water to the reactor core during a loss of 
coolant accident. The core spray system, including piping, downcomers, T-box 
assemblies, and core spray spargers, is used to deliver water from outside the RPV to 
Inside the RPV. The core spray system provides water to the reactor core. 

[0004] Stress corrosion cracking (SCC) is a known phenomenon occurring in reactor 

components exposed to high temperature water, such as structural members, piping, 
fasteners, and welds. The reactor components are subject to a variety of stresses 
associated with, for example, differences in thermal expansion, the operating 
pressure needed for the containment of the reactor cooling water, and other sources 
such as residual stresses from welding, cold working and other inhomogeneous metal 



APP-ID=1 0064244 



PAGE 1 of 16 



treatments. In addition, water chemistry, welding, lieat treatment, and radiation can 
increase tlie susceptibility of metal in a component to SCC. 

[0005] Reactor internal piping, such as core spray spargers and T-box assemblies, 

occasionally requires replacement as a result of SCC or for other reasons. Replacing 
the spray spargers sometimes requires removing and replacing T-box assemblies, and 
core spray piping, including downcomers. Replacement of spray spargers, T-boxes, 
and downcomers is complicated by the limited working space, high radiation levels, 
and difficulties associated with welding to a highly radioactive shroud. 

[0006] Internal reactor coolant piping must remain leal< resistant when cool water is 

injected into the reactor vessel. The injection of cool water through the inside of the 
pipe results in thermal contraction of the pipe relative to bolted pipe couplings. The 
contraction of the pipe relative to the coupling bolts can result in loss of bolt tension. 
Loss of bolt tension reduces coupling seal seating force reducing the leak resistance 
of the seal. 

[0007] To obtain elastic compliance to accommodate differential thermal expansion and 
still maintain seal seating forces, long slender Inconel ® bolts of high strength are 
typically employed. The Inconel ® bolting material is susceptible to intergranular 
stress corrosion cracking (IGSCC) at high stresses. Bolt preload must, therefore, be 
carefully controlled, limiting the seating forces that can be applied during coolant 
injection. 

Summary of Invention 

[0008] 

In one aspect, a pipe coupling assembly is provided that includes a first pipe 
section having a first coupling member located at one end with the first coupling 
member including a cylindrical flange and a spherical convex seat portion. The flange 
includes a first plurality of pivot notches. The assembly also includes a second pipe 
section having a second coupling member located at one end with the second 
coupling member including a cylindrical flange and a spherical concave seat portion. 
The second coupling member flange includes a second plurality of pivot notches, and 
the concave seat portion Is configured to receive the first convex seat portion. The 
coupling assembly further includes a first and a second cylindrical spring ring. Each 



APP-ID=1 0064244 



PAGE 2 of 16 



spring ring includes a body having a first surface and an opposing second surface. 
Tlie body includes a main bore and a plurality of bolt bores extending therethrough. 
The main bore is configured to receive a pipe section therethrough, and each bolt 
bore is configured to receive a fastener therethrough. A plurality of pivot bearings 
extend from the first surface with each pivot bearing configured to engage a pipe 
section flange notch. A plurality of bolt bore seats are located in the second surface 
and coaxially aligned with the bolt bores. Each bolt bore seat is configured to receive 
a portion of a fastener. 

[0009] in another aspect a coupling spring ring for coupling a first pipe section flange to 
second pipe section flange in a nuclear reactor is provided. Each flange includes at 
least one notch, and the spring ring includes a body having a first surface and an 
opposing second surface. The body includes a main bore and a plurality of bolt bores 
extending therethrough. The main bore is configured to receive a pipe section 
O therethrough, and each bolt bore is configured to receive a fastener therethrough. A 

^ plurality of pivot bearings extend from the first surface with each pivot bearing 

configured to engage a pipe section flange notch. A plurality of bolt bore seats are 
located in the second surface and coaxially aligned with the bolt bores. 



[0010] 



In another aspect a method of joining two pipe sections in a nuclear reactor is 
provided. A first pipe section includes a first coupling member located at an end of 
the first pipe section and includes a cylindrical flange and a spherical convex seat 
portion. The flange includes a first plurality of pivot notches. A second pipe section 
includes a second coupling member located at an end of the second pipe section and 
includes a cylindrical flange and a spherical concave seat portion. The second 
coupling member flange includes a second plurality of pivot notches, and the concave 
seat portion is configured to receive the first convex seat portion. The method 
Includes seating a first spring ring on the first pipe section, seating a second spring 
ring on the second pipe section, and coupling the first spring ring to the second 
spring ring with at least two bolts. Each spring ring includes a body having a first 
surface and an opposing second surface. The body includes a main bore and a 
plurality of bolt bores extending therethrough. The main bore is configured to receive 
a pipe section therethrough, and each bolt bore is configured to receive a fastener 
therethrough. A plurality of pivot bearings extend from the first surface with each 
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pivot bearing configured to engage a pipe section flange notch. A plurality of bolt 
bore seats are located in the second surface and are coaxially aligned with the bolt 
bores. 

Brief Description of Drawings 

[001 1] Figure 1 is a perspective view, with parts cut away, of a reactor pressure vessel. 

[0012] Figure 2 is sectional schematic illustration of the pipe coupling assembly shown in 
Figure 1 . 

[001 3] Figure 3 is top view of the spring ring shown in Figure 1 . 

[001 4] Figure 4 is perspective view, of a quarter section, of the spring ring shown in 
Figure 1 . 

Detailed Description 



HI [001 5] A pipe coupling assembly is described in detail below. The coupling assembly 
fiJ includes, in an exemplary embodiment, two spring rings connected by bolts with 

P spherical seats. The spring rings include pivot bearings which mate with 

l_ corresponding pivot seats or notches in the pipe coupling. The arrangement of the 

m bolts and pivot bearings places the rings in torsion and provides bending loads in a 

JOS s 

manner which maximizes the compliance of the coupling connectors in order to 
minimize the loss of sealing forces during thermal expansion. The torsion rings 
eliminate the need for bolt flexibility and permit the use of shorter bolts made from 
crack resistant material. 

[001 6] Referring now to the drawings, Figure 1 is a perspective view, with parts cut away, 
of a reactor pressure vessel (PRV) 10 that includes a shroud 12 and internal reactor 
pipes 14. Each pipe 14 includes a first pipe section 1 6, a second pipe section 1 8, and 
a pipe coupling assembly 20. 



[0017] 



Each first pipe section 1 6 has a first end 22 and a second end 24, and each 
second pipe section 1 8 has a first end 26, a second end 28. Each pipe coupling 
assembly 20 includes first and second spring rings 30 and fasteners or bolts 32. In 
one exemplary embodiment, each pipe coupling assembly 20 includes at least two 
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bolts 32. In another embodiment, each pipe coupling assembly 20 includes at least 
four bolts 32. 

[0018] Figure 2 is a sectional schematic illustration of pipe coupling assembly 20. First 
pipe end 22 includes a first coupling member 38 that includes a flange 34 and a seat 
36. Flange 34 includes a first surface 40, a second surface 42, and a plurality of pivot 
bearing seats or notches 44. Flange 34 is substantially cylindrical, and seat 35 
extends between flange first surface 40 and flange second surface 42. Seat 36 has a 
substantially spherical convex shape, in one exemplary embodiment, first pipe end 22 
is configured to secure to second pipe end 26. In an alternative, first pipe end 22 is 
configured to secure to a nozzle junction (not shown). 

[001 9] Second pipe end 26 includes a second coupling member 48 that includes a flange 
50 and a seat 52. Flange 50 includes a first surface 56, a second surface 58, and a 
plurality of pivot bearing seats or notches 44. Flange 50 is substantially cylindrical. 
Seat 52 extends between flange first surface 40 and flange second surface 42. Seat 52 
has a substantially spherical concave shape. In the exemplary embodiment, second 
pipe end concave spherical seat 52 is sized to mate with first pipe end convex 
spherical seat 36. 

[0020] Figure 3 is a top view of spring ring 30, and Figure 4 is a perspective view of a 

quarter section of spring ring 30. Referring to Figures 2, 3, and 4,. each spring ring 30 
includes a body 74 having a first surface 70 and an opposing a second surface 72. 
Spring ring 30 is fabricated from any suitable material not susceptible to intergranular 
stress corrosion cracking (IGSCC). In the exemplary embodiment, each spring ring 30 
is fabricated from Type XM-1 9 stainless steel. Type XM~19 stainless steel provides 
high strength, permitting minimum size and weight, and resists galling between 
sliding surfaces. 

[0021] Spring ring first surface 70 includes a plurality of pivot bearings 76 extending 
therefrom. In one exemplary embodiment, each spring ring 30 includes four pivot 
bearings 76. In other embodiments each spring ring 30 includes at least two pivot 
bearings 76. In one exemplary embodiment, pivot bearings 76 are equally spaced 
circumferentially around first surface 70. However, in other embodiments, pivot 
bearings 76 are unevenly spaced circumferentially around first surface 70. Pivot 
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bearings 76 are sized to seat in flange pivot notches 44. 

[0022] Spring ring body 74 Includes a main bore 90 and a plurality of bolt bores 92 

extending through body 74. Main bore 90 is sized and configured to receive a pipe 
ends 22 and 36. In one exemplary embodiment, body 74 has at least four bolt bores 
92, and in alternative embodiments, spring ring body 74 has at least two bolt bores 
92. In another embodiment, body 74 has a quantity of bolt bores 92 equal to the 
quantity of pivot bearings 76. Each bolt bore 92 is sized and configured to receive a 
bolt 32. Spring ring second surface 72 includes bolt bore seats 78 co-axially aligned 
with bolt bores 92. 

[0023] Each fastener 32 includes a spherical bearing 94 and at each end. Spherical 

bearings 94 are sized to seat in bolt bore seats 78, Fastener 32 are sized to extend 
though spring ring bolt bores 92. Fasteners 32 also include a crimp nut 96 to prevent 
bolt 32 from loosening. In one exemplary embodiment, fasteners 32 are fabricated 
from any suitable material not susceptible to intergranular stress corrosion cracking 
(IGSCC). In the exemplary embodiment, fasteners 32 are fabricated from Type XM-19 
stainless steel. 

[0024] To join pipe sections 1 6 and 1 8, a first spring ring 30 is positioned on first 
coupling member 38 of first pipe section 16, and a second spring ring 30 is 
positioned on second coupling member 54 of second pipe section 1 8. Spring rings 30 
are positioned so that pivot bearings 76 mate with respective pivot bearing notches 
44 in clamping members 38 and 54. Bolts 32 are inserted through bolt bores 92 in 
spring bearings 30 with spherical bearings 94 at each end of bolts 32 engaging and 
mating with spherical bolt bore seats 78. Bolts are tightened, a pre-load force is 
applied, and crimp nuts 96 are crimped to bolts 32 to prevent loosening of bolts 32. 
Bolts 32 are pre-loaded during assembly to ensure that elastic deformation of flanges 
74 is sufficient to maintain a seal seating force during a thermal distortion of the 
assembly. Pivot bearings 76 permit bolts 32 to twist rings 30 so that rings 30 act like 
springs to maintain bolt pre-load during thermal contraction of pipe 14. Bolt spherical 
bearings 94 permit freedom of rotation of flanges 74 relative to bolts 32. 

[0025] While the invention has been described in terms of various specific embodiments, 
those skilled in the art will recognize that the invention can be practiced with 
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modification within the spirit and scope of the claims. 
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